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SYLLABUS

Public concern over streambank erosion problems along the Connec-
ticut River in New Hampshire, Vermont and Massachusetts was brought
to the attention of the Congress, The ensuing Congressional resolution
directed the Corps of Engineers to undertake an investigation to deter-
mine the cause of erosion behind the four hydroelectric dams, and
whether the operation of the four hydroelectric facilities was a major
factor in causing the problem. The study will include all causative
factors such as weathering, raising or lowering of lake levels, wave
action, river velocities, sedimentation conditions, type of soils, frost
effects, vegetation cover and root patterns.

Several test or index areas were selected for detailed soils, hydrau-
lic and hydrologic studies, The test areas provide a variety of physical
and geographical conditions which are typical of conditions throughout
the study area. These areas have been, and will continue to be moni-
tored to reveal, which of the variety of possible causative factors are
actually acting on the river's banks to cause erosion,

The historical operation of the Wilder pool was scrutinized to
determine if there has been a change in operational procedures and if
the operation has been consistent through the years, A similar effort
is now being carried out on the Turners Falls pool.

Flow velocities along the water/bank interface at two locations in
the Wilder pool were computed, as were tractive forces on the bank.
The computed forces were compared with known allowable tractive forces
for the existing soil types so that predictions could be made to indicate
whether water velocity alone was sufficient to cause erosion. Tables
show that some historical flows in one area would have created a water
velocity sufficient to cause erosion while other flows would not. Historical
flows in another area were not sufficient to erode the bank,

Work on the pilot areas has not yet progressed to a point where a
complete picture can be presented, however, the tables and charts
provided in this preliminary report will be expanded, refined and applied
to other areas during the remainder of the study.



Public interest and involvement in this study has thus far provided
a considerable amount of information and suggestiona., For instance
valuable water level recordings were provided by two shoreline abutters,
A suggestion that a second study area be located in Wilder pool was
adopted. This second site has provided an excellent opportunity to
compare the effect of vastly different hydraulic conditions acting on
the streambank of a single pool.

It is sincerely desired that interested parties continue to provide
critical review of this document and future work concerning this study.

it
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A, PURPOSE

The purpose of the Connecticut River Streambank Erosion study is
aptly expressed in the authorizing resolution adopted on 11 April 1974
by the Committee on Public Works of the United States House of Repre-
sentatives, which is quoted in part as follows:

"Resolved, ... That the Board of Engineers for Rivers
and Harbors is hereby requested to review the report

on the land and water resources of the New England-
New York Region, requested by the Flood Control Act

of 1950 and published as Senate Document No. 14,
Eighty-fifth Congress, First Session, to study the
erosion problems behind Wilder, Bellows Falls, Vernon,
and Turners Falls Dams and to make recommendations
for any changes in the operation of the dams or such
remedial measures as would minimize erosion in Wilder
Lake and the banks of the Connecticut River downstream
to Turners Falls in Massachusetts, The study should
include any factors which might affect river bank
erosion such as weathering, raising and lowering of
lake levels, wave action, river wvelocities, sedimenta-
tion conditions, types of soils, frost effects, vegetation
cover, and root patterns,

The mechanics of streambank erosion are being analyzed to determine
what part rapid pool drawdown plays in the total erosion picture, It
is recognized that the effect of rapid pool drawdown nge from

fon-existent to totally responsible for the problem at diffexrent reaches

BT Fiver in the study areas. Erosion in most areas will, of course, be
a function of several factors; waves (natural and man made), river
velocity and stage, frost, ice, soil type and vegetative cover as well
as rapid pool drawdown, This study is designed to factor out rapid
pool drawdown as a cause of erosion, so that a prediction can be
made to determine the extent to which the erosion problem would

be corrected by stabilizing the hydroelectric pools. The term

rapid pool drawdown as used here and throughout the report means

a decrease in water level caused by the normal daily operation of
hydroelectric pools, It is recognized that water levels may also
change rapidly under natural conditions.

;
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B, INTRODUCTION

1. Reports and Public Participation - The study got underway with
a public meeting in Hanover, New Hampshire, on 30 April 1975,

The Connecticut River Streambank Erosion, Plan of Survey, dated
October 1975 described the methodology which was to be used to
conduct the study. Several areas of the study were further defined
in a Memorandum of the Corps of Engineers dated 29 December 1975
and a paper, Discussion of Study Pilot Areas, February 1976.

The study was discussed at a meeting which was organized and hosted
by a group called, ¥For Land's Sake. The public was invited to this
meeting held on 4 February 1976 in Hanover, New Hampshire, The
New Hampshire-Vermont chapter of the Soil Conservation Society

of America had a guest speaker from the Corps at the group's 9 April
1976 meeting in Hanover to participate in a two way discussion of the
project,

The Upper Valley Lake Sunapee Council, convened a round table
meeting on 10 March at Dartmouth College to discuss the study and
in particular the Plan of Survey., Proceedings of the meeting which
included several suggestions were sent to the Corps. The Corps in
turn replied to the proceedings by letter dated 4 May 1976,

2. Work Accomplished to Date - Work on the study, thus far, has
been conducted almost entirely by the Corps. The extent to which
rapid pool drawdown is responsible for in causing erosion in the study
Feach i8 an extremely complex problem. Two Branches within the
Corps' Engineering Division have provided the technical input. The
Water Control Branch has been conducting hydraulic and hydrologic
studies while the Foundations and Materials Branch has been conduct-
ing the soils investigations. Both Branches have collaborated in
determining the relationship of soil type and water movement to
erosion,

The six pilot areas which are shown on Figure 1 have been selected
and monitored under a rigorous program of data collection and
analysis, These pilot areas have been systematically photographed
and surveyed in the fall of 1975 and the spring and fall of 1976, Plane
table topographic surveys were made along the top of the river bank
and down the bank to the water line. River bottom elevations were
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obtained along river cross sections at 100 foot stations, The
details of this work and preliminary observations are discussed
later in this report. Both rawand interpreted data are provided
in Appendix A,

3. Other Ongoing Related Efforts - The Corps of Engineers under
Section 32 of Public Law 93-251, 7 March 1974 has been directed to
construct demonstration streambank erosion control projects through-
out the United States.

Two sites for the project have been tentatively selected in New England.
Both sites are on the Connecticut River, one in Haverhill, New Hamp-
shire, the other in Northfield, Massachusetts. The sites are on private
property and were selected because they seem to be representative

of many miles of streambank erosion in New England, Final selection
of the sites depends, of course, on the cooperation of the landowners,
the communities and the States.

Generally speaking, each of the sites contains about 2, 000 feet of
actively eroding streambank. The project would consist of subdivid-
ing each site inte several sub-sections, perhaps 400-500 feet long.
A different bank protective technique would be installed in each test
sub-section, Vegetative cover, and various types of mechanical toe
protection are being considered,

The purpose of the project is to experiment with new and perhaps
innovative techniques of streambank protection. Techniques which
are least expensive to install will get particular attention. This latter
peint is important because the project is to demonstrate methods that
would also be suitable for local implementation.

Projects on the Mississippi, Missouri and Ohioc Rivers were specifi-
cally authorized by the legislation and those projects are now underway.
A general authorization was made for other projects in the United
States and projects (including those in New England} have not yet been
funded. It is now anticipated that the two projects on the Connecticut
River will be funded in Fiscal Year 1978 up to 1980. The projects

will be in operation within a year of the time they are funded.



Another work unit of Section 32 provides for the monitoring of existing
non-Federal projects, Several projects which have been constructed in
the past and one that is currently underway will be examined to see if
the technique used might have general application. A general descrip-
tion of the areas that the Corps has proposed for monitoring are included
in Appendix B. It should be kept in mind that the Corps' Washington
office will consider the proposed sites along with sites proposed by the
Corps' other nine Division Offices in the nation, It is quite likely that
some of the mentioned sites will be dropped in favor of similar sites
elsewhere.

Several noteworthy attempts at erosion control have been initiated
recently., One such non-federal attempt is that of Northeast Utilities
which operates the Turners ¥Falls project and the asscciated Northfield
Mountain pumped storage facility, They have observed that considerable
tree toppling and bank erosion extends over the nine river miles (eighteen
miles of shoreline) between the French King Rapids and the Massa-
chusetts, New Hampshire/Vermont state line. The company intends

to clear trees that have toppled or are toppling from that eighteen miles
of shoreline, hydroseed and mulch approximately nine miles of shore-
line, grade and plant 1, 500 - 2, 000 feet of riverbank and riprap some
2,000 feet of riverbank.

Work on all phases except the hydroseeding were initiated this year.
Hydroseeding is scheduled for the spring of 1977 and the remaining work
will be completed in 1977 and 1978.

The company took a rather unique approach to the clearing of trees from
the shoreline. The felled trees were picked up by a helicopter and dropped
at a central point for grinding, Since most of the trees were in areas in-
accessable by land, the company felt that the helicopter was the least
costly approach, The program, because of the considerable cost, will

be closely monitored by Northeast Utilities., The Corps will also be
interested in the outcome of the program for possible application else-
where,

The study reach is 141 miles long and contains over 300 miles of stream-~
bank. There are several hundred incidents of erosion in this study area
of varying degrees of intensity., Incidents of erosion vary; in length

from 100 to 7, 000 feet; in average height from 2 to 50 feet and in inten-
sity from slightly eroded to severely eroded. The principle areas of
erosion are shown on the two sheets of Figure 2. The study detail

which is necessary and the complexity of the study area make it im-
practical to consider each individual problem area. Index study areas
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were established which are representative of conditions found through-
out the study area. A rigorous examination of these index areas which

are shown on Figure 1l is expected to provide information whizh can
be applied to most of the remaining problem areas.



C. REPORT OF INVESTIGATIONS

The Connecticut River Streambank Erosion Study began in early 1975
with a search for available reports and photographs pertaining to
erosion in the study reach. Two reports were found to be of use for
this study: the Comprehensive Water and Related Land Resources
Investigations, Connecticut River Basin, by the Connecticut River
Coordinating Committee, June 1970; and the Reconnaissance Report
on Connecticut River Basin Bank Erosion Study, by the New England
River Basins Commission Technical Committee on Bank Erosion,

1 June 1974. Also found were aerial photographs of the entire study
reach taken in 1939, photographs of the downstream portion taken in
1965, and the upstream portion tiken in 1971 and 1973. More recent
aerial coverage of the central part of the reach was not available,

With this information, a preliminary plan of action to investigate the
extent and characteristics of erosion was established. It soon became
apparent that extremely detailed hydrologic and soils analyses would be
necessary if the causes of erosion were to be determined. Using data
at hand, 16 candidate areas were chosen from which the index study
areas would be selected, This procedure provided a starting point

for the study as well as serving as a basis for evaluating the potential
for aerial photography interpretation as a means of measuring erosion.

Field reconnaissance began in the spring of 1975 and has continued
intermittently to date. About eight miles of river remain to be viewed.
Practically all of the study reach viewed to date has been investigated
by engineering personnel travelling the river by boat., The information
gathered includes: the geographical location of the erosion, its position
relative to the river {e.g., the outside of a bend, the inside of a bend,
near an island, etc,}, the types of soils in the raw area, the amount

of vegetation, approximate height and length of the eroded area, bank
slope or steepness, and its accessibility by land. This information was
obtained for all significant eroded areas. Using these data, the final
index study areas were chosen.

Principle factors in the selection of the index study areas were the
hydraulic and soil conditions prevalent at the sites, Consideration was
given in each case to the degree that the site would be representative
of erosion characteristics throughout its respective reach, to the type
of land use adjacent to the site, and to its accessibility by land.



Six index study areas were chosen and are shown on Figure 1. These
are listed below in downstream order. The numerical codes given
below will be used to identify each index study area throughout the
remainder of this report.

Newbury, Vermont (Area 147)
Hanover, New Hampshire (Area 51)
Cornish, New Hampshire (Area 31)
Clarement, New Hampshire (Area 26)
Dummerston, Vermont (Area 301)
Gill, Massachusetts (Area 255)

Area 147 is located in the headwaters of the Wilder Pool on the outside
of a riverbend adjacent to flood plain farmland, It has a surveyed
length of 1700 feet and has a vertical face upper bank and a 1 on 1 slope
lower bank. The water elevation fluctuates seasonally from about 20
feet below the top of the bank during low flow periods to overtopping
during spring flows. This area was chosen because it typifies the
eroded region of the upstream reach and is in an active stage of erosion.
There is also easy access to the site by farm road., This is one of the
three index study areas chosen in 1975,

Due to local public opinion, which felt that Area 147 did not have enough
pool fluctuation to be representative of the entire length of Wilder Pool,
another index site (Area 51) in Wilder Pool was chosen in the spring

of 1976, It is located approximately six miles upstream from Wilder
Dam and four miles upstream from an island which acts as a hydraulic
control increasing the upstream surface profile during high flows., An
attempt to locate a study area downstream from this natural control or
closer to the dam was made, but no appropriate sites could be found.
The study area is located on a straight section of river with part of

its 500 feet length located within a cove in the river, This factor will
facilitate the study of pool fluctuation as a potential cause of erosion
and the determination of how much it contributes to the total erosion at
this location.

Areas 31 and 26 were both selected in 1975 and are located in the reach
between Wilder Dam and Bellows Fallis Dam. Area 31 is located upstream
from the Bellows Falls Pool during normal flow periods., However, during
high flow periods river depths in the study area are greatly affected by
backwater from the dam and this reach becomes a part of the Bellows
Falls Pool. The upstream portion of the streambank is partially wooded



and abutted by forest. The downstream portion is relatively clear
of trees and abuts open agricultural fields. The bank is 1000 feet
long by about 45 feet high, It is situated on a straight section of the
river adjacent to some sand and gravel bars which are exposed in
the river channel during low flow periods.

Area 26 lies along the central segment of Bellows Fall Pool just down-
stream from Glidden Island and along a straight section of river. This
is the longest of the index study areas, measuring 2, 700 feet. Its bank
ranges in height from 3 feet to 20 feet above the normal water surface
level. The streambank abuts pasture land and agricultural fields and
is readily accessible by vehicle. This area was selected because it

is representative of much of the erosion within the Bellows Falls Pool.
It is similar to area 31 in many ways except that it lies along a reach
of the river that is permanently impounded.

In addition to Area 51, described above, two other index study areas
(301 and 255) were selected in the spring of 1976, Area 301 is located
along a straight section of river channel within the Vernon Dam Pool
and lies just downstream from Catsbane Island. The 2,400 feet long

by 20 feet high bank is in an active state of erosion and is resulting

in the loss of portions of an agricultural field. Area 301 was selected
for study because it is situated directly upstream from a riprapped
area and thus provides a good comparison between erosion characteris-
tics of a natural bank and an unnaturally strengthened bank,

Area 255 is located along the west bank of Turners Falls Pool approxi-
mately three miles downstream from the Route 10 bridge., This area
is positioned on a straight section of river across from Kidds Island
and is divided by Otter Run Brook, a amall tributary stream flowing
into the Connecticut River from the west. Though the area is not as
actively eroding as the other index study areas, it was selected as
being typical of conditions existing along most of the reach in which it
lies. The Turners Falls Pool elevation was increased by 5,5 feet

in 1971 to accommodate the additional volume needed to operate the
Northfield Mountain Pumped Storage Hydroelectric facility., Another
reason for selection is that, since operation of the Northfield Mountain
project began, the pool has fluctuated 3 to 5 feet per day thus providing
an opportunity to attempt to isolate the effects of extreme pool fluctua-
tions and high water levels on bank erosion.

10



Areas 147, 26 and 31 were surveyed in the fall of 1975 and the spring

of 1976; the remaining three areas (51, 301 and 255) were surveyed

in the spring of 1976. Topographic maps of the index study areas were
developed using a plane table and alidade. Ground and river bottom
elevations were also taken at cross-sections spaced at 100-foot intervals
along the streambank. Surveys of the same cross-sections will be
made every six months so the loss or gain of material can easily be
measured,

Soil borings at points located back from the edge of the bank and test
pits along the raw banks have been completed at each index site, Two
piezometers were installed at Area 51 in an attempt to correlate the
fluctuating power pool with the groundwater table so that a determination
of the effect that this phenomenon has on erocsion can be made. Photo-
graphs have also been taken at reference points to keep track of the
erosion rates in the index study areas. Periodic surveys will also
continue with comparisons to the already plotted cross-sections.

Local velocities at the selected study sites have been either estimated,
computed by the HEC Unsteady Flow computer program or measured by
a current meter, Flow patterns, river levels and extent of eddy action
were noted in field reports, No significant wave heights were observed
during field trips because of the lack of boat traffic on weekdays and
minimal wind speeds. Flows at the US Geological Survey stream

gages have been analyzed to determine frequency of scour at the index
sites, Pool stages have been recorded at each of the power dams in
the study reach. In addition, water levels in the Wilder Pool have been
recorded for a period of approximately a year at three locations by the
USGS and at two other locations by private individuals. The analysis of
the above data will be discussed in detail in the following section,

11



D. HYDRAULIC ANALYSIS

1. General - Flow along 118 miles of the 141-mile long study reach

is impounded by four run-of-the-river power dams. Each of the pools
created by these dams contains only enough usable storage to meet
generation requirements on a daily basis. Pertinent data for these
reservoirs is presented on Table 1. All four dams pass approximately
10, 000 cfs during peak power demand pericds and clogse down during
the remainder of the day. Turners Falls Resgervoir differs from the
three upstream pools because in addition to being a run-of-the-river
pool, it serves as the lower storage reservoir for the Northfield
Mountain Pumped Storage Project. The gates at Turners Falls Dam
were raised 7 feet in 1971 to accommodate the additional storage volume
necessary to operate the Northfield Mountain facility, which was com-
pleted and began operation in October 1973,

Plots of pool stage versus time at the four power dams are presented
on Plate 1. The curves indicate that the Vernon, Bellows Falls and
Wilder Pools fluctuate in the order of a foot per day. However, the
Turners Falls pool fluctuation is out of phase with the upstream pools
and has a magnitude of fluctuation of 3.5 feet per day. Because of the
great similarity in power operation, local flow conditions, and stream-
bank materials at the three upstrearn dams, it was decided to perform
extensive hydraulic analysis on Wilder Pool and to correlate the resultas
with the Bellows Falls and Vernon pools. An independent analysis of
historical power operations will be made for Turners Falls pool,

2, Wilder Pocol Analysis - Normally inflows to Wilder Pool vary be-
tween 1, 000 cfs and 5,000 cfs during the day because of the operation
of upstream power and storage reservoirs, Wilder Dam turbines
discharge 9, 700 cfs during peak power periods and shut down completely
during non-production periods. Because of the varying flow conditions,
a computer program developed by the Corps Hydrologic Engineering
Center and entitled '"Gradually Varied Unsteady Flow Frofiles'' was
used to calculate flow conditions throughout the entire pool during

a typical period of operation. The period of 1-15 November 1972

was analyzed because it includes both continuous low flow and high
flow periods. In addition, the USGS had maintained three water level
recording gages on the Wilder Pool during that period. Data from
these gages were used to calibrate the function coefficients used in the
computer model. Pool profiles at two hour intervals were calculated
using this program and are plotted on Plate 2,

12
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VALLEY NEWS
WEST LEBANON, Tl
D. 11,743

FEB 25

New
Lpgland
Ncwaclip

-

By ROB ELEY
Valley News Staff Writer
WEST LEBANON — An
: < of Bngineers study
released this week [inds that
possible increased erosion aiong
the banks of the Connecticut
River cannot be attributed to
“more severe” operation of
* Wilder Dam.
The preiiminary study, which
opened with a public hearing in
«Hanover in April 1975 and\is

Sec 2 —“\g

slated to centinue through 1978,
is aimed at studying erosion
problems behind four power
generation dams in New
Hampshire, Vermont and
Massachusetts. Wilder Dam is
among those being studied.

The study is designed to
“make recommendations for
any changes in the operation of
the dams or such remedial
measures as would minimize
erosion in Wilder Lake and the
banks of the Connecticut
River," according to the in-
troduction.

The study has included the
monitoring of six areas along
the river, including sites at
Hanaover, Cornish and
Claremont, and will establish
two.sites, one in Haverhill, to
allow for demonstration of
erosion effects on streambanks.

One of the preliminary
report’s major findings centers
on the effect of the cperation of
Wilder Dam  specifically

C@?ﬁég Says Dam-NQE To Blamé

FAGE ONE' .

For Possible Erosion Increase

whether more extensive
“drawdowns” of the reservoir
have exacerbated bank erosion.

Built in 1952, Wilder Dam
holds back a so-called lake
reaching 45 miles up the Con-
necticut River. Operation of the
dam releases water usualiy
between 11 a.m. and 6 p.m. for .
the geperation of power.

“If erosion has been ac-
celerating in recent years, it
was due to either natural
streamflow and groundwater
conditions or wave action of
increased power boat activity,
but not as a result of a more
severe operation of Wilder -
Dam,” the preliminary findings -
report. R

The report shows that the
“drawdown,’ or the drop in the 7
water level when power is being
generated, has increased over ™
the years. -

In 1952, the water level .

dropr fdurs Tgen ration over

three-ywxt~m of -a {oot, but in

1874 the leval Gropped a foot and
three-quarters.

The increased fluctuations in
the water level, however.

“pesulted from higher natural
streamn[low and not a change in

. the Wilder Dam operation

procedure,” the report said.
At the April 1975 public
hearing “'some locai residents
expressed their belief that the
. erosion in Wilder Pool has been
. accelerating in the last five or
. 50 years,” the report said.
The study said information
points to equally severe erosion
along the river in aerial -
photographs made in 1939, 1971 -
and 1973.

t

4

Project manager John T.
Smith, stationed at the
New England Division of the
Army Corps of Engineers in
Waltham, Mass., said this
morning that a major aspect of
the coniinued study would be an
effort to find the actuai effect of
dam operation on erosion.

o\We want to find out if
stabilizing the reservoirs will
solve the problem,” Smith said.

In the future, he said, the
Corps will continue to monitor
the six areas along the river (o,
see the dam's effects on erosieh.
erosion.

“1f rapid drawdown proves to
be a significant factor, then the
practicality of stabilizing the
power Is will be con
sidered,” the report said.

Any recommendations ior a
stabilization - of the reservoirs
would go first to the Federal
Power Commission, since each
of the dams is licensed by that

i
\ agency.
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TABLE 1

CONNECTICUT RIVER POWER DAMS
PERTINENT DATA

Maximum Approximate
River Length of Full Oper. Min, Oper. Discharge Daily Pool
Dam _Mile Reservoir Elevation Elevation for Power  Fluctuation
(miles) (ft msl) (ft msl) {cfs) (feet)
Wilder 217.4 45.5 385, 0 380.0 g, 700 1.8
Bellows Falls 173.7 25,3 291, 6 287.6 g, 500 1.3
Vernon 141.9 27,7 220.1 212,1 10, 400 0.6

Turners Falls 122.2 19.7 183.5 176.0 10, 600 3.5



The analysis provided discharge and water surface elevations

at index area 147 in Newbury, Vermont and area 51 in Hanover, New
Hampshire, A detailed tractive force analysis was performed at the
two locations to determine the effects both normal and high channel
velocities have on the erosion of bank material, Recently completed
hydrographic surveys and soil sample descriptions were used in the
analysis. DPlots of discharge, velocity and tractive force versus time
during a typical low flow day are presented on Plate 3, It is noted that
the velocity and tractive force values are higher at a bend than along

a straight section of channel,

In 1926 several types of soils were tested by Fortier and Scobey to
determine the maximum stream velocities the materials could withstand.
Table 2 is a compilation of permissible velocities resulting from the
Fortier and Scobey experiments and the correlative tractive forces

as converted by the U, S. Bureau of Reclamation. The table shows

that colloidal materials are less susceptible to erosion than the non-
colloidal types; this is due to the higher cohesion between the soil
particles. It also shows that it takes a greater tractive force to erode
the materials if the water already contains colloids. According to

the Fortier and Scobey's experiments, silt will withstand twice the
velocity that sand can withstand, The velocities presented in the

table are average values applied to channels of three feet or less

in depth. Because these tabulated velocity values are pertinent to

and reflect the geometry of the test flume in which they were measured,
they cannot be compared with the velocities in the cross section of

the large channel such as the Connecticut River. On the other hand,

the correlative unit tractive force values shown on the table can be

used in a comparison with tractive force values computed for the natural
channel,

A laboratory analysis of the bank material at area 147 shows that the
upper bank consists of a fine sandy silt and the lower bank which starts
about eight feet above normal water level and continues down to the toe,
consgists of silty fine sand. Both materials are noncolloidal, The
streambank at area 51 is composed of noncolloidal silty fine sand. At
both of the above locations, a silty fine sand is the predominant material
along the lower portion of the slope where the tractive force is the
greatest. A value of 0,10 lbs, /ft, 2 was adopted from Table 2 for the
allowable tractive force, The streambank materials at the index sites
were not exactly described in this table, however, they did appear to
fall somewhere between a sandy loam and an alluvial silt. It was
assumed that the water passing these areas already contained colloidal
silts.
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TABLE 2

MAXIMUM PERMISSIBLE VELOCITIES
AND UNIT TRACTIVE FORCES (1)

Water Transporting

Material n Clear Water Colloidal Silts
v To A To
(fpa)  (1b/t%) (fps)  (1b/ft<)
Fine sand, colloidal .02 1.50 . 027 2.50 .075
Sandy loam, noncolloidal .02 1,75 . 637 2,50 . 075
Silt loam, noncolloidal .02 2.00 . 048 3,00 0.11
Alluvial silts, noncolleidal .02 2,00 . 048 3.50 0.15
Alluvial silts, colloidal . 025 3.75 0.26 3.00 0. 46
Fine gravel .02 2.50 . 075 5.00 . 32

(1) From Chow "Open Channel Hydraulics'' table 7-3 1969, Velocities
adopted from Fortier and Scobey values recommended for use in 1926 ASCE
publication. Unit tractive force converted by U.S. Bureau of Reclamation.
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Table 3 givesa the results of the tractive force analysis and the
prediction of the streambank's susceptibility to erosion. A close

look at the table indicates that tractive forces at area 147 are ten times
as great as those values at area 51, It was determined by this analysis
that during both normal low flow and rainstorm runoff conditions the
tractive force is not great enough to initiate erosion. This was true

at both areas.

During the 3-year frequency flood flow experienced in 2 April 1976,

the tractive force at area 147 definitely exceeded the permissible
values. Field observations and measurements confirmed the predicted
erosion.,

For area 51, under the 2 April 1976 high flow condition, the computed
tractive forces fell short of the values required to initiate erosion and
therefore the streambank was predicted to be stable, Three weeks
after the above date, it was observed that the beach located at the

toe of the bank and consisting of sandy silts did not move. This ob-
servation confirms the computed prediction, Visual observations
indicated that pockets of active erosion and sloughing were present
along the upper bank of the entire reach of area 51, which included
slack areas of the cove. Based on the above observations, it appears
that local tractive force did not erode the streambank materials,
Future topographic surveys and analyses will be necessary to con-
firm or deny this preliminary conclusion. Other potential causes

of erosion at this location are: fluctuating pool stages; wind and
power boat waves; and ice action., Area 51 is subject to waves
created by wind over open water having fetch lengths of 2, 000 feet
from the west and 3, 000 feet from the northeast. Waves driven by

20 and 40 knot winds reached heights of 0,5 and 1.0 feet, respectively.
Also, erosion due to ice action was observed in the southerly portion
of the Wilder Pool. In the winter, while the pool is kept between the
elevations of 382 to 384 feet msl, the water surface ice freezes onto
the streambanks, Then during the spring runoff, the water level

is lowered to 380 feet msl, causing the ice to fall and remove bank
material. An attempt will be made to quantify the contribution by
each of these causes at a later date.

In addition to the erosion forces, surface conditions such as the amount

and type of vegetation play an important role in the stability of atream-
banks., At area 51 the upper bank is well vegetated with grass and
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TABLE 3

RESULTS OF TRACTIVE FORCE ANALYSIS

Flow
5070 cfs (1)
(6 Nov. 72)

12, 100 cfsf?)
(11 Nov. 72)

16,000 cfs (3}
(21 April 76)

42,000 cfs 4
(2 April 76)

Flow

8700 cfs (1)
(6 Nov 72)

12,200 cfs (2)
(11 Nov 72)

Area 147 :
Silty fine sand {Noncolloidal)
Fine sandy silt (Noncolloidal)

Tractive Force

Local
Velocity Computed Allowable Prediction(s)
(fps) (lbs /ft2) (1bs/ft2)
2.3 0,058 0.10 No Erosion
4,3 0,089 0.10 No Erosion
4.0%%) 0.15 0.10 Will Erode
7.2 0.89 0.10 Will Erode
Area 51
Silty fine sand (Noncolloidal)
Tractive Forcel(7)
Local(7) (6)
Velocity Computed Allowable Prediction
(fps) (1bs/ft%) (lbs/ft2)
0,48 . 002 0.10 No Erosion
0. 85 . G07 0.10 No Erosion
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TABLE 3 {(cont'd)

RESULTS OF TRACTIVE FORCE ANALYSIS

Flow

16, 000 cts O
(21 April 76)

42,000 cfs (4)
(2 April 76)

Local(7) 6
Velocity Computed Allowable Prediction( )
(fps) (1bs/ft2) (1bs /£t2)
1.1 .014 0.10 No Erosion
2.8 .07 0.10 No Erosion

(1)
(2)
(3)
(4)
(5)

(6)
(7)

Normal weekday flow

Typical rainstorm runocff

Typical spring flow

Three year discharge frequency

Velocity confirmed by field measurement
on that day

Prediction based on tractive force
Values of tractive force and velocity
were adjusted to be consistent with

field measurements
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young trees which aid in retarding the erosion. However, at area 147,
the upper bank is inundated annually by moderately high velocity flow
which prevents vegetation from taking hold, A raw bank is much more
susceptible to further extensive erosion than a vegetated bank,

3. Comparison of Present and Past Conditions - At public meetings
held for this study, some local residents have expressed their belief
that the erosion in Wilder Pool has been accelerating in the last five
or so years, A close look at the following factors that can cause
erosion was taken to determine if any were changed either by man
or nature over the specified time period,

a. Streamflow - The average annual, average summertime and
annual peak discharges were analyzed for the years 1959 through 1974,
The results show that during the period 1964-1968 both the average
annual and average summertime flows were low relative to their
respective flows between 1969 and 1974; obviously a result of the mid-
1960's drought. In addition, although the annual peak flows did not
exceed 35,000 cfe between 1959 and 1968, since then this flow rate
has been exceeded considerably on four separate occasions, Plots
of the results are presented on Plate 4, In summary, both the normal
and the erosive peak discharges have increased considerably since

1969.

b. Groundwater - As discussed earlier, future analyses will attempt
to show the effect groundwater levels and flows have on erosion.
However, in the interim the USGS groundwater level records were
obtained at seven short term stations in Massachusetts, Vermont and
New Hampshire and at a long term station located in Montague, Massa-
chusetts. The lowest annual levels recorded at these stations are
plotted on Plate 5. The graphs show that the Montague gage reached
all time lows between 1964 and 1967 but has risen 4 to 5 feet since
then, The short term gages located throughout the study reach also
show a steady rise in groundwater levels since 1970,

c. Pool Stage - Pool stages at Wilder Dam have been recorded
by the New England Power Company since construction of the project
in 1952, Wilder Dam makes flow releases during weekday power
demand periods, usually between 1100 and 1800 hours, and closes
down for the remainder of the day and on weekends. Table 4 shows
the average weekday pool fluctuations during the months of July
and December for several three-year periods. This tabulation

22
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TABLE 4

WILDER DAM
AVERAGE WEEKDAY POOL FLUCTUATIONS

(feet)
1952-1954 1957-1959 1962-1964 1972-1974
July 0.8 1.1 1.1 1.8
December 1.3 1.2 1.6 1.8
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shows that the pool fluctuations have increased in recent years by an
average of 0.2 to 0.7 foot over the fluctuations of the 1950's and 1960's,
However, it should be noted that daily power releases are made so

the pool can be refilled at night and on weekends. The peak release
rate is limited to 9, 700 cfs by the capacity of the turbines and the
volume of release is limited by the natural inflows. Therefore, it

can be conclud t although the pool has fluctuated to reater
‘degree in recent years, it has resulted from higher natural streamflows
and not a change in the Wilder Dam operation p;ocedure. -

Aerial photographs taken in 1939, 1971 and 1973 along the Wilder Pool
indicate that the present and past erosion of streambanks were
equally severe. However, no measurements of the extent of bank
erosion were made during the 1950's and 1960's to compare with the
data recorded by the Soils Conservation Service or the Corps of
Engineers since 1973,

If the erosion has been accelerating in recent years, it was due to
either natural streamfilow and groundwater conditions or wave action
of increased power boat activity but not as a result of a more gevere
operation of Wilder Dam.
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E, GEOTECHNICAL ANALYSIS

1. General - The "Geotechnical Analysis'', presents by topics, the
various investigations which are being performed by the Foundations
and Materials Branch. The following describe the work done and
what has been achieved or attempted by the study.

2. Aerial Interpretation in Determining Erosijon - The Foundations

and Materials Branch began its part of the study using aerial photo-
graphs and existing reports in an attempt to pinpoint the locations of
major erosion, The result of this attempt follows:

The aerial photographs used were taken in 1939, 1965, 1971, and 1973,
The 1939 photographs were of the entire reach from Turners Falls
Dam to Haverhill, New Hampshire. The 1965 photographs were taken
between the Turners Falls Dam and the Vernon Dam. The 1971 and
1973 photographs were taken during high water conditions between
Hanover, New Hampshire and Haverhill, New Hampshire, All these
aerial photographs were taken from a high altitude resulting in photo
scales between 1''=3, 333' to 1''=2, 000",

Sixteern candidate areas were chosen using an aerial photography
interpretation method, Of the six final study areas, three were chosen
from the candidate areas. These study areas are located between

the Vernon Dam and the Wilder Dam where only the 1939 photographs
were available, Though only three of the areas were chosen using
this method, aerial interpretation has proven to be a very useful tool
in this study. Most of the candidate areas proved to be locations of
erosion, though not always significant, Only a few of the areas had
no erosion problems or bedrock at their banks, The reason for this
misinterpretation was that the aerial photographs were taken from
such a high altitude that details that would distinguish raw banks from
bedrock banks were minimal., Furthermore, most of the major
erosion areas had slopes near to the vertical allowing the erosion

to go undetected in the photographs taken from such high altitudes.
Therefore, greater success would have been experienced if the photo-
graphs were taken from a lower altitude, between 500 to 1000 feet
above the river level.
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Another reason for the limited success is that the 1939 and 1965
photographs were taken before the Turners Falls Dam and the Wilder
Dam were raised. The shorelines examined in these photographs

no longer exist. Also, the 1971 and 1973 aerial photographs, used
for comparison with the 1939 photographs were taken during spring
high flows when there was overtopping of the shoreline to be in-
spected. Thus, for better results photographs to determine erosion
should be taken during low-flow periods, preferably in the early
spring or fall when little vegetation exists.

In conclusion, comparison of aerial photographs is very useful in
giving the various landforms, land uses, old oxbows, and insight into
the former behavior of the river which could help predict the future
changes in the river's flow,

3. Soils Exploration - Borings behind the edge of the banks and test
pits along the raw banks (see Appendix A for topographical maps giving
their locations) have been completed at all the areas. Preliminary
analyses of test results (see appendix) from these completed boring
and test pits are complete, It was found that all bank materials in
the study areas were water-laid deposits composed mostly of silty,
fine sands (SM) and non-plastic fine, sandy silts (ML). There were
also pockets of silty sandy gravels (GP-GM) and sandy silty clays
(CL) found at various areas, Banks made up of such fine grain
materials are very susceptible to erosion when not covered by
vegetation,

4., Groundwater Study - Two piezometers were installed at area 51
after the borings were made, These will be used in an attempt to
relate the groundwater table to the pool fluctuation,

5, Periodic Inspections - Periodic inspections of each study area are
scheduled throughout the study., Each inspection consists of observing
changes since the last inspection and taking color prints at referenced
points in order to keep track of the erosion. To date, these photographs
have shown signs of definite erosion.

During one of the periodic inspections in the spring when thawing was
occurring it was observed that the fines were flowing out of the raw
banks with the water from the thawing ice inside and above the bank.
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This resulted in leaving an erodible section susceptible to the coming
spring high flows. This phenomenon is definitely one of the causes
of the erosion, but what percentage it plays in the total erosion is
impossible to determine,

6. Pericdic Surveys and Cross-Sections - A survey program, con-
sisting of a plane table survey with ground and river bottom elevations
taken along the streambank and at station intervals spaced 100 feet
apart perpendicular to an established base line has been set up to
provide periodic data in the fall and spring, With the information
obtained from these preliminary surveys, cross-sections were
developed to show the loss or gain of material (see Appendix A for
typical cross-sections).

To date, all the areas have been surveyed at least once. Three of
the areas, Areas 147, 31 and 26, have had the preliminary cross-
sections drawn up with the subsequent spring cross-sections drawn
over. They indicate both the removal and the deposition of material
during the six month duration between surveys. The remaining three
areas have been surveyed this spring with the other areas. Their
preliminary cross-sections are in the process of being drawn and will
be available for comparative evaluation with the next survey to be
taken in the fall.

Using the drawn cross-sections and the information from the borings,
an attempt will be made to correlate the soil type to the amount of
erosion.

7. Other Geotechnical Work - The ""Geology'" section of the '"Geo-
technical Section'' is being completed for use in the final report. This
will include a general history of how the area was formed, the pertinent
geology of the area, and specific soils information, including test data
on the study areas,
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F. FUTURE OF THE STUDY

Hydraulics and soils studies will continue so that the firmest possible
conclusions can be drawn regarding the causes of erosion., Surveillance
of the index study areas will continue through 1977 and 1978 to provide
evidence regarding the relative effect of the various causative factors,
It is felt that findings developed for the pilot areas can be extrapolated
to other streambank reaches within the study area.

1f rapid pool drawdown proves to be a significant factor, then the
practicality of stabilizing the power pools will be considered. The
costs and benefits of stabilizing pool levels will be compared. All

faur hydroelectric pools are licensed by the Federal Power Commis-
swon. It will be the FPC's responsibility to review the study report and
determine if an operational change is in order, The FPC would hold
public meetings on the subject and if in its judgment, operational
changes are in order, these changes would be recommended to the
power companies, The FPC has the authority to insist upon opera-
tional changes of this nature.

The study is not expected to lead to any Federal streambank revetment
projects. Most of the bank is in private ownership and the government
generally has not assumed the responsibility of constructing protective
works to alleviate streambank erosion problems on private property.
There are several localized situations where secondary public roads
may be threatened; however, these problem areas are small and
corrective work would be within the scope of Section 14 of the 1946
Flood Control Act, as amended,

A public hearing is scheduled early in 1978, however, it is felt that an
iaterim and less formal workshop session would be constructive, after
this preliminary report has been distributed and reviewed. A work-
shop session is therefore tentatively planned for the early spring of
1977. The study completion date remains, as originally scheduled, in
June of 1978.
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APPENDIX A

DATA PRESENTATION

Most of the study effort to date has gone into data collection and
interpretation., The interpreted data is the basis for the preliminary
report, its tables and graphs. Some data has been collected and
will await future data so that certain comparisons can be made.

Uninterpreted or raw data is not normally carried in a report such
as this, however, Appendix A is provided for those readers who
would delve deeply into the technical aspects of the study. This
Appendix presents raw data most of it as gathered in the field and
the labeoratory., A rudimentary interpretation of some of the data
is also provided.

Soils information includes field logs of test borings and test pits
along with skeiwches, water table and piezometer information. The
results of soils laboratory testing on samples of bank material is
provided in the form of gradation curves of sieved material and a
table of Atterburg Limits and specific gravities,

The main report discusses bank and river bottom field surveys. The
survey record or ''‘plane table' sheets of the field work are presented
in this Appendix, These survey records provided the information to
prepare typical cross-sections which are on the last sheet of this
Appendix. These cross-sections were prepared only for the three
test areas on which two surveys have been completed,

Ag the study proceeds, more data will be obtained and all the data will
be scrutinized, interpreted and presented in as clear a fashion as
possible, ‘
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CORPS OF ENGINEERS - NEW ENGLAND
STREAMBANK EROSION DEMONSTRATION PROJECTS (SECTION 32)

MONITORING OF EXISTING PROJECTS

General - Most of the streambank in New England is in private ownership
and although erosion is extensive, bank protection works are not plenti-
ful. There are many sporadic attempts to protect short reaches of bank
but there are few well thought out and executed protective works. The
Corps has constructed several small revetment projects, but generally
these have been built strictly to established standards for rock revet-
ments and do not warrant monitoring under Section 32,

There are, however, two existing protective works and two more
that are underway which the New England Division feels are worth moni-
toring. The two existing projects are interesting because they are
inexpensively constructed and have apparently done the job with only
minor problems, An in-depth analysis of these projects will permit us
to determine other situations where similar techniques might be appro-
priate.

The two projects underway for which monitoring is recommended are
somewhat of an experimental nature. The U.S. Soil Conservation Service
is experimenting with vegetative bank stabilization in New Hampshire and
a private electric utility is conducting a program principally of vegetative
measures in an area in Massachusetts. Both of these areas give the Corps
an opportunity to analyze and report on new techniques at a minimum of
Federal Cost, Neither SCS nor the utility can be expected to provide the
detailed analysis and reporting that would be provided under Section 32,

The, Guidelines for Monitoring Demonstrations of Sites, now in draft
and being reviewed by OCE and the Section 32 Steering Committee, will
provide the guidance for establishing monitoring procedures. Generally
speaking, however, the intensity of monitoring will vary for the areas
selected. For instance a cursory look at soil conditions and river velo-
cities will probably suffice at an area which is protected by rubber tire
revetments, on the other hand, much more sophisticated monitoring of
an area consisting of two miles of rock revetment will be necessary. In
the latter case we will want to know the cause of several localized failures
in a revetment that otherwise seems to have uniform forces acting upon
it.



DRAFT

SITE NO, 1 - HANOVER, NEW HAMPSHIRE

A 10,000 foot long reach of the east bank of the Connecticut River
was reveted in 1954 by the New England Power Company (NEPCO).
The revetment was done in conjunction with the reconstruction of Wilder
Dam which is about 2 miles from the downstream limit of the revet-
ment, The dam was reconstructed in the 1950's at a site about 3/4
mile downstream of the original site and the full operating pool was
established 15 feet higher at elevation 385.

The property was then, and is now, owned by Dartmouth University.
The University insisted that its bank be protected when it ceded flowage
rights to NEPCOQO.

The subject area along with several other smaller reveted areas
are mostly inaccessable by land. NEPCO built a small barge from old
oil tanks, attached two outboard motors, and placed the revetments from
the water., = Gravel was loaded onto the barge along with a small dozer,
The barge would move to the site and the dozer would push off the gravel
bedding. A well graded rock was then placed on the bedding by the same
method, Although NEPCO has not yet provided the Corps with job speci-
fications the revetment seems to be what could be considered a reasonable
minimum of rock protection. The area is subject to rapid pool drawdown
during the summer months, Wilder Pool impounds only about 0.2 inches
of storage and looks and behaves much like a free flowing river in the
spring with high river velocities. In the more than 20 years that the
revetment has been in place it has generally stood up well. There are
localized failures, however, which reportedly have occurred in recent
years.

The Corps proposes to examine NEPCO's design for the protective
works and estimate present day costs of doing a similar job, The
revetment will be thoroughly examined to ascertain how well it has
stood up through the years, Soil conditions and hydrologic conditions
in the area will be examined to determine the stability of the bank and
those forces acting upon the bank,



DRAFT

SITE 2 - THETFORD, VERMONT

The owner of this property on the Connecticut River has placed rubber
tires along about 150 feet of Bank. The tires are placed within the normal
operating range of the hydroelectric pool which is controlled by Wilder
Dam some 15 miles downstream. The tires are not tied together but
the voids were apparently filled with rounded boulders. Wilder Dam is
operated during high flow periods to maintain a minimum pool elevation,
however, there is a definite hydraulic control about a mile upstream of
Wilder Dam and the normal spring river profile considerably exceeds
the normal high water at the site and goes over the protective works.

The bank extends about 20 feet, vertical, above the normal high water
and the top of the protective works,

Rubber tires are also used to protect the bank in Orford, New Hamp-
shire several miles upstream on the Connecticut River from the previously
mentioned section. The Orford site, while only about 50 feet long, is
in a more actively eroding bank. Again the tires are placed in the
normally active zone of pool fluctuation. These tires, placed three
years ago, are along a bank only about five feet high., The tires are
staggered in each lift and interlocked by two vertical steel rods through
the hole of each tire. The holes were then filled with a uniformly graded
trap rock. Spring high flows greatly exceed the top elevation of this
protective work,

These sites will be examined to see how they are constructed. An
assessment of the soil and hydraulic conditions will be made to see what
forces are acting on the revetment and records will be kept indicating
how the project behaves through the monitoring period. A history of
maintenance work (if any) will be informative.
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SITE 3 - TURNERS FALLS POOL, MASSACHUSETTS

Northeast Utilities (NU) constructed a pump-storage electric facility
at Northfield Mountain which uses the Turners Falls pool as the lower
impounded. Turners Falls pool was raised 5,5 feet in 1973 to accom-
modate the pump-storage operation. Streambank erosion began to
accelerate in 1973 and this area is one of the most actively eroding
reaches of the Connecticut River today. The Corps has submitted a
project proposal within the pool for construction under Section 32,

NU acknowledges that much of the problem is a result of power pool
operations. The Company has undertaken a $600, 000 program of bank
stabilization which began this fall with the cutting of trees which are
falling into the river, Several particularly bad areas have been armored.
The Company plans to hydroseed the cleared in the spring of 1977. Hydro-
seeding is particularly interesting since it is fast, inexpensive, and can
be accomplished in areas away from highway access. NU now estimates that
hydroseeding will cost in the neighborhood of $3 per running foot of bank
{$15, 000 per milej}.

Corps monitoring of this work would be on a river reach basis as many
discontinuous areas of different scil, and hydrologic conditions will be
involved. The techniques employed are certainly unique and need evalua-
tion for application in other areas, For instance, the cut trees were re-
moved from the river bank by helicopter and dropped at a central site for
grinding. A cost of $12, 000 per mile of bank were reported by NU, whereas
conventional tree removal would have cost an estimated $20, 000 by river
barge or $30,000 by land removal, Unique also, are the companies plans
to hydroseed, Seed will be applied from a barge on the river. Seed will
consist of a mix of grasses, crown vetch, basket willow and brush. The
seed will be applied with water, fertilizer, lime, mulch, and a binder., The
mix will form a crust which is expected to withstand rain until the grasses
germinate and root. Slower germihating but hardier species of grass and

brush in the mix will gradually replace the earlier growth.

NU will of course be monitoring the work because of the sizeable in-
vestment, Company plans do not, however, include the in-depth monitoring
that is necessary to document the success of the program if it is to be
recommended for use by others,

The Company is enthusiastic to have the Corps get involved in the
program, in fact an exchange of river survey information between the
Corpe and the Company has already taken place.
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SITE 4 - HAVERHILL, NEW HAMPSHIRE

The U. 5. Soil Conservation Service (SCS) has assisted several farmers
in applying vegetative cover to eroding banks. SCS provides the seed
and technical information and the landowner (farmer) provides the nece-
ssary labor. The New England Division proposes to work closzly with
SCS and monitor at least two of these areas and prepare a report on the
techniques used and their success.

A reach of particularly active bank in Haverhill was selected by 5CS
for experiments with several species of grass and willow trees., The
downstream half of the study area was planted with seed and young trees.
The upper half of the eroded reach was left untreated and is being moni-
tored as the without condition., Varicus combinations of gseed and small
trees were applied on 25 foot long test plots. The project has now been
underway for three years and some of the larger species are beginning
to mature.

A similar program but on a much less active bank was undertaken in
Piermont, New Hampshire. Here basket willow was applied on a low bank,
The willows were planted in an area which already had a natural grass
cover,

Most of the Corps involvement at these sites will consist of periodically
inspecting the areas and reporting the success (or lack of success) of the
various trial plantings, The record of river flows in the past will be
examined to determine the severity of forces which have acted on the bank.
The record will, of course, be maintained throughout the monitoring period.

SCS is maintaining records of this program and will at some time pro-
bably issue a report. The New England Division feels, however, that the
added detail of monitoring which can be provided under Section 32 will be
extremely valuable in getting the most out of the program,



